Human placental syncytiotrophoblast was not lysed when exposed to acutely hypotonic environments (distilled water) or during repeated freeze\p=n-\thawing. The ability of the syncytiotrophoblast to synthesize and secrete hCG was not blocked after exposure to hypotonic stress (0\m=.\055osmol) and elevated temperature (47\s=deg\C),treatments which caused lysis of erythrocytes and lymphocytes. The stressresistant property of the syncytiotrophoblast may be an important element in enabling its survival as a barrier between the maternal environment and the conceptus.
Introduction
The syncytiotrophoblast of human placental villi constitutes the fetal frontier in direct contact with maternal blood and tissues (Boyd & Hamilton, 1970) . It is clear that the functions of the syncytiotrophoblast are vital for the success of pregnancy. These functions include its protective role as the outermost component of the classical placental barrier between the mother and fetus (Langman, 1975; Beer & Billingham, 1976;  Billington, 1976) , selective bi-directional transport of material between maternal and fetal circulation (Boyd & Hamilton, 1970: Dancis & Schneider, 1975) , and synthesis of protein and steroid hormones (Langman, 1975; Chatterjee & Munro, 1977) .
We have devised a procedure to purify and maintain human syncytiotrophoblasts in a viable and metabolically active state in tissue culture (Paul, Jailkhani & Talwar, 1978; Talwar, 1979) . In the course of our studies, it was noted that cultured syncytiotrophoblasts exhibited an uncommon resistance to unfavourable environments. This paper describes the effect of severe physical stress on the integrity of the syncytiotrophoblast.
Materials and Methods

Syncytiotrophoblast cultures
Full-term and sub-term human placentae from healthy women were obtained at delivery or by medical termination of pregnancy during the first trimester from the Labour Room of the A.I.I.M.S. The placentae were processed within 30-60 min for isolation of syncytiotrophoblasts by mechanical dissociation of the syncytial mantle of villi, followed by purification of the large multinucleated portions by trapping on a sieve and differential sedimentation (Paul et al, 1978) . Isolated syncytiotrophoblasts were maintained in suspension culture on a rocking platform at 37°C in tissue culture Medium 199 supplemented with 10% fetal calf serum (FCS: Flow Laboratories), 100 i.u. penicillin/ml and 100 ug streptomycin sulphate/ml in an atmosphere of air. Cultured syncytiotrophoblasts were free of contamination with other cell types, as assessed microscopically. Viability of the tissues was judged by staining with fluorescein diacetate (Paul et al, 1978) and was always more than 90%.
1$Cr-release assay oflysis
Lysis of the syncytiotrophoblast was determined by a 51Cr-release assay method widely used to measure cellular lysis (Lightbody, 1976) . Erythrocytes and lymphocytes prepared from human adult peripheral blood (Hudson & Hayes, 1976) were used for comparison. Syncytio¬ trophoblasts with a DNA content of about 50 [yg, or about 8 IO6 erythrocytes and lympho¬ cytes were incubated for 60 min at 37°C in 0-1 ml Medium 199, with 100 uCi sodium "diramate (New England Nuclear; \iCil\ig Cr) in 0-1 ml isotonic saline (8-5 g NaCl/1), followed by repeated washing with Medium 199 to remove excess radioactivity. Labelled cells (1-2 IO4 c.p.m.) were distributed in triplicate into 10 75 mm glass tubes and subjected to the treatments indicated in 1-0 ml of the desired solution. At the required times the tubes were centrifuged at 300 g for 15 min and the released radioactivity was assessed by counting 0-5 ml aliquots of the cell-free supernatants in a gamma spectrometer. Percentage lysis was computed according to the equation: (c.p.m. released during the test treatment c.p.m. spontaneous release) 100/(total c.p.m.
c.p.m. spontaneous release), where 'total c.p.m.' was the input radioactivity of 51Cr-labelled cells and 'spontaneous release' the radioactivity released from cells incubated at 37°C in Medium 199 supplemented with 10% FCS for the same duration as the test treatment.
Light and electron microscopy
The syncytiotrophoblasts (PI. 1, Figs 1 and 2), or chorionic villous tissue pieces (about 0-5 cm in each dimension) obtained from freshly delivered placentae, were incubated in 1 ml of each of the test solutions under different environmental conditions. The isotonic solution (0-295 osmol) used was 120 mM-NaCl, 5-3 mM-KCl, 1-2 mM-CaCl2, 0-8 mM-MgS04, 1-6 g glucose/1 in 10 mM-sodium phosphate buffer, pH 7-2. The hypotonie solution (0-055 osmol) had an identical constitution except that NaCl was omitted. For light microscopy the tissue was fixed with Bouin's fluid and stained with haematoxylin and eosin. Tissues were fixed in 3% glutaraldehyde and post-fixed in osmium tetroxide for electron microscopy. After dehydration with graded concentrations of ethanol, samples were cleared with propylene oxide and embedded in Araldite (Luft, 1961) . Ultrathin sections were scanned under a Philips EM 300 with and without staining. Fig. 9 but is separated from the basement membrane (BM). Note the continuity of the syncytiotrophoblastic plasma membrane (PM) in Fig. 10 . Much of the electron-dense material in the syncytial nucleus (N) has been lost. MV, microvillus; PV, pinocytotic vesicle. Estimation of human chorionic gonadotrophin (hCG) and DNA At the end of the various treatments syncytiotrophoblast tissues were separated from the medium by centrifugation at 300 g for 10 min and then homogenized in 10 mM-phosphatebuffered 0-9% (w/v) NaCl, pH 7-2. The homogenates were centrifuged at 1000 g for 30 min.
DNA was determined in the pellets as described by Burton (1956) using calf thymus DNA as standard. A radioimmunoassay procedure described elsewhere (Salahuddin, Dubey & Talwar, 1976 ) was employed to estimate the hCG content of the culture media and the supernatants of the homogenates. The sensitivity of the assay was 0-1-0-2 ng at the 95% confidence limits. Interand intra-assay variations were 11-5 and 5-2% respectively.
Results
Lysis ofsyncytiotrophoblast
Treatment of 51Cr-labelled tissue for 30 min at 37°C with 0-1% trypsin, a known syncytiolytic agent (Carr, 1973) , resulted in 63-7% lysis (Table 1) . Thus, the 51Cr-release assay employed was a valid and sensitive indicator of lysis of the syncytiotrophoblast. Table 1 shows that incubation in distilled water for periods as long as 96 h, 3 cycles of alternate freezing and thawing (in water or isotonic solution), or heating at 56°C for 1 h or at 47°C for 3 h, did not cause significant lysis of 51Cr-labelled syncytiotrophoblast tissue. Erythrocytes and lymphocytes subjected to these treatments were almost completely lysed. 9-5 9-5 1 3 0-5 -3 0 1 -0 0 -2 2 63 1 ±3-9 6*2-7 1 ±3-5 3*4-8 8*2-2 0*3-2 9*4-1 7*4-1 87-2*4-4 90-6*6-9 97-1 ±2-8 78-3*6-5 12-6*5-6 93-5*7-3 91-1 ±6-0 98-3 ±5-7 77-0*3-8 is the number of different preparations of the cells tested, each in triplicate. Values are mean * s.d. of the pooled data. * Fetal calf serum.
t Cells were subjected to 3 cycles of alternate freezing and thawing. Freezing was done by keeping the tubes for 3 h at -20°C in a deep freeze, and thawing by keeping in water at 37°C for 10 min.
Microscopic examination of villous tissue confirmed that the syncytiotrophoblast was intact in isotonic as well as hypotonie solutions (PI. 1, Figs 3-7; PI. 2, Figs 8-10 ). However, the stroma of the villi suffered gross disruption after incubation in hypotonie solutions (PI. 1, Figs 4, 6 and 7), especially in tissue from first trimester placentae. Even after 96 h in hypotonie solution, the plasma membrane of the syncytiotrophoblast was unbroken, and numerous microvilli and pinocytotic vesicles were observed (PI. 2, Figs 9 and 10), indicating that the syncytiotrophoblast was still active and functional. After incubation in hypotonie solutions, the syncytiotrophoblast did not appear to be appreciably swollen compared to the controls kept in isotonic solution. In sections of first trimester villous tissue incubated in hypotonie medium, the cytotrophoblast was also preserved (PI. 1, Fig. 7 ), suggesting that, like the syncytiotrophoblast, it is resistant to hypotonic lysis.
The morphological features of isolated syncytiotrophoblast under the light microscope were also preserved after 3 cycles of freeze-thawing, heating at 47°C for 3 h, and hypotonie shock (data not shown).
Production ofhCG after stress
Evidence for the functional integrity of the syncytiotrophoblasts exposed to stress was obtained by measurement of hCG. After treatment for 3 h in hypotonie solution or at elevated temperature (47°C) syncytiotrophoblasts secreted nearly the same quantities of hCG in two subsequent 48 h incubations at 37°C in Medium 199 supplemented with 10% FCS, as did syncytiotrophoblasts which had been maintained throughout in isotonic solution at 37°C ( Table  2 ). The amounts of the hormone in the homogenates of the 3 sets of tissues (prepared at the end of the experiment) were also not significantly different. Autoclaved syncytiotrophoblasts, used as the positive controls, did not secrete detectable quantities of hCG (data not shown). Values are for syncytiotrophoblast from a 12-5-week-old placenta and, in parentheses, for tissue from a full-term placenta. * Pretreatment was for 3 h in 1 ml isotonic or hypotonie solution (see 'Materials and Methods').
Discussion
The syncytiotrophoblast is a highly differentiated, multinucleated tissue (PI. 1, Figs 1 and 2). The studies reported above demonstrate that the human placental syncytiotrophoblast resists severe hypotonie and thermal stresses. Such stresses are lethal for other mammalian cell types (Olmstead, 1966; Giese, 1973; Paul, 1975) . The mechanisms underlying the resilience of the syncytiotrophoblast are not known, but may bear resemblance to those enabling the survival of certain lower forms of life under similar stress. For example, the observation that the syncytio¬ trophoblast does not swell significantly during incubation in hypotonie media suggests that there may be a restriction in the entry of water in response to osmotic forces. In plant cells also, the rigid cell wall blocks the excessive inflow of water, allowing the cells to remain intact in hypotonie media. Similarly, the relative thermal resistance of the syncytiotrophoblast may be due to regenerative mechanisms, analogous to those in certain thermophilic bacteria (Giese, 1973) . This possibility is supported by the belief that pinocytotic cells (such as the syncytiotro¬ phoblast) possess compensatory synthetic mechanisms (Fawcett, 1965) .
The syncytiotrophoblast, as the outermost component of the placental barrier, is bathed in maternal blood (Boyd & Hamilton, 1970) . The crucial role of the placental barrier in ensuring fetal survival is evident from the observation that when fetal and maternal circulations were anastomosed, thus effectively bypassing the placenta, the fetus invariably died after a few days (Scott, Pitkin & Chaudhari, 1973) . On the other hand, the syncytiotrophoblast successfully performs its vital activities, from the time of implantation until feto-placental delivery, although directly exposed to the haemodynamic, osmotic and immunological milieu of the pregnant mother. It appears likely that the survival of the syncytiotrophoblast as a protective barrier under these conditions is made possible by its relative stress resistance. The observation that in certain maternal stress states, such as pre-eclampsia, both the syncytial and the cellular forms of the trophoblast are hyperplastic (Misenhimer, 1972; Aladjem, 1975 ) also supports the notion that this cell type is exceptionally well equipped to endure an adverse environment.
